1.. Incidence of dislocation following total hip arthroplasty (THA) and evaluation of the unstable THA
======================================================================================================

The second most common complication following total hip arthroplasty (THA) is dislocation following aseptic loosening, affecting up to 11% of patients following primary surgery ([@b1-etm-0-0-7733]--[@b6-etm-0-0-7733]). The majority of hip dislocations are posterior. In the study by Woolson and Rahimtoola, a dislocation rate of 3.2% was reported from 10,500 THAs performed; a variety various surgical approaches were included in that cohort ([@b7-etm-0-0-7733]). The dislocation rate is higher following revision surgery with rates as high as approximately 25% ([@b8-etm-0-0-7733]). The incidence in Italy has been reported to be similar with rates between 0.3 to 10% in primary THAs and up to 28% in revision THA ([@b9-etm-0-0-7733]). Sah and Esok also noted that the conversion of a hip hemiarthroplasty to a total hip replacement resulted in dislocations following the conversion procedures of 22% ([@b10-etm-0-0-7733]).

Rowan *et al* recently performed a literature search to assess historical perspectives and current strategies to prevent dislocation following primary THA (this study included 3,458 articles and included 154 in their analysis) ([@b11-etm-0-0-7733]). It has been demonstrated that a greater age, a body mass index \>30 kg/m^2^, lumbosacral pathology, surgical experience, rheumatoid arthritis and femoral head size influences the rate of THA dislocation ([@b12-etm-0-0-7733]--[@b14-etm-0-0-7733]). Evidence regarding the effects of neuromuscular disease, sequelae of pediatric hip conditions and surgical approaches on THA instability has not been as conclusive as the risk factors for instability. It is clear that sex, simultaneous bilateral THA and restrictive post-operative precautions do not influence the rate of THA dislocation. Navigation, robotics, lipped liners and dual-mobility acetabular components may reduce dislocation rates ([@b15-etm-0-0-7733]). The risk of recurrent dislocation and the need for subsequent revision is also significant ([@b16-etm-0-0-7733]). In the study by Kotwal *et al* ([@b16-etm-0-0-7733]), the authors reported on 99 patients (101 hips) over a 6-year period that had a first dislocation of a primary THR; of these patients, 61 hips (60.4%) had a repeat dislocated more than once and 47 hips (51% in total) required revision surgery due to the instability. It has also been suggested that surgeon case volume has been identified as an important factor impacting post-operative outcomes in patients undergoing orthopedic surgery; however there has not been conclusive statistical analysis that it results in a 3 rate of hip dislocations ([@b17-etm-0-0-7733]). Dislocations occur most frequently within the first 3 months after surgery; up to 70% of dislocations occur within the first month ([@b18-etm-0-0-7733]); 66% of dislocations occurred within the first 5 weeks ([@b19-etm-0-0-7733]). Recurrent dislocations typically require additional surgery ([@b20-etm-0-0-7733]).

### Risk factors

Prior hip surgery is a risk factor for dislocation following THA; prior hip surgery appears to be associated with a doubled risk of dislocation following THA ([@b21-etm-0-0-7733],[@b22-etm-0-0-7733]). Daly and Morrey reported a dislocation rate of 2.4% without previous hip surgery as compared to 4.8% for those with previous surgery ([@b23-etm-0-0-7733]). Fackler and Poss reported a dislocation rate of 5.5% in revision THA as compared to 1.8% in primary THA ([@b24-etm-0-0-7733]). The rate of recurrent dislocation can be as high, and can be 5-fold greater in patients who have had previous surgery than in those who have not had previous surgery ([@b25-etm-0-0-7733]).

There does not appear to be any correlation between pre-operative diagnosis, including developmental dysplasia of the hip (DDH), and the risk of hip dislocation ([@b19-etm-0-0-7733],[@b26-etm-0-0-7733]). It is not clear whether sex is a risk factor for hip dislocation; in some studies, the female-to-male ratio was 2:1 ([@b21-etm-0-0-7733],[@b19-etm-0-0-7733]); however some other studies have report no differences between the sexes ([@b7-etm-0-0-7733],[@b27-etm-0-0-7733]). It also appears that the dislocation rate following THA performed for displaced femoral neck fracture has been improved with modern implants as long as the implants are properly positioned, particularly especially the acetabular component ([@b1-etm-0-0-7733],[@b2-etm-0-0-7733],[@b6-etm-0-0-7733],[@b28-etm-0-0-7733]).

A number of studies have been published on cerebral dysfunction (i.e., a state of confusion, history of excessive alcohol consumption, Parkinson\'s disease, or neuromuscular disorders) and the risk of dislocation following THA ([@b7-etm-0-0-7733],[@b29-etm-0-0-7733],[@b30-etm-0-0-7733]). Several analyses have been performed on various patient characteristics (e.g., age, sex, height, weight, pre-operative diagnosis and cerebral dysfunction) and the rate of dislocation; the only variable associated with a higher dislocation rate was found to be cerebral dysfunction ([@b7-etm-0-0-7733]). Excessive alcoholic intake has also been associated with a dislocation rate as high as 23%, as compared to a 5% dislocation rate among patients without such a history ([@b27-etm-0-0-7733]). A higher rate of dislocation has also been noted in patients with neuromuscular disorders or in patients with a confused mental state; post-operative delirium is also another risk factor ([@b31-etm-0-0-7733]). From a national inpatient sample analysis of patients with delirium (n=13,551) and without delirium (n=1,992,971) it was noted that there was an increase in the number of peri-operative complications, inducing dislocation following THA ([@b31-etm-0-0-7733]).

Hip range of motion may be a risk factor for dislocation with a greater risk of impingement and dislocation in those patients with a greater post-operative hip range of motion. Extremes in hip range of motion may cause hip impingment and/or stretching of the pseudocapsule, predisposing to late dislocations due to decreased soft tissue tension; however, the precise range of hip motion that could be considered to lead to an increased risk of dislocation has yet to be determined. In addition, there are some published case reports available on hip dislocation due to yoga ([@b32-etm-0-0-7733]), in theory due to extremes in hip range of motion.

### Surgical factors

There has been much debate as to the differences in surgical approaches and the risk of dislocations following THA ([@b33-etm-0-0-7733]--[@b36-etm-0-0-7733]). Posterolateral or posterior surgical approaches have been shown to be associated with a higher dislocation rate than the anterior approach ([@b21-etm-0-0-7733],[@b37-etm-0-0-7733]--[@b40-etm-0-0-7733]). Since many of the proponents of the anterior approach perform the surgery on a specific surgical table with the extremity fixed, the ability to carry out dynamic testing is lost. The majority of the proponents of the posterior approach carry out dynamic testing for hip stability and soft tissue tension across the hip (i.e., push-pull test). Tanino *et al*, from the study of 185 hips, noted that with a 32 mm metal femoral head, that an intraoperative stability test, particularly the IR angle, was a useful method to predict hip stability following THA ([@b41-etm-0-0-7733]). If a trochanteric osteotomy is performed, the risk of dislocation is increased, particularly if a nonunion develops ([@b24-etm-0-0-7733]). If there is a trochanteric nonunion with a \>1-cm superior migration of the greater trochanter, there can then be up to a 6-fold increase in hip instability ([@b26-etm-0-0-7733]). Some investigators have reported no significant differences in dislocation rates among various surgical approaches ([@b19-etm-0-0-7733]). A common surgical factor for dislocation is the malposition of the acetabular cup; either too vertical or improper anteversion or femoral component malorientation ([@b19-etm-0-0-7733],[@b21-etm-0-0-7733],[@b22-etm-0-0-7733],[@b37-etm-0-0-7733],[@b42-etm-0-0-7733]). Excessive anteversion or retroversion of the femoral component can be a cause for THA instability. If the femoral component is overly anteverted, dislocation can occur when the hip is placed in extension and external rotation. If the femoral component is retroverted, posterior dislocation can occur when the hip when the hip is internally rotated ([@b43-etm-0-0-7733]). Acetabular component orientation is one of the most important surgical factors for THA stability ([@b21-etm-0-0-7733],[@b22-etm-0-0-7733],[@b24-etm-0-0-7733],[@b42-etm-0-0-7733],[@b44-etm-0-0-7733],[@b45-etm-0-0-7733]).

Without the use of robotics or computer -assisted navigation, the position of the patient on the operating room table is critical, as the guides used to assess the orientation of the acetabular component are based on it. Forward rotation of the pelvis during positioning in the lateral decubitus position can cause excessive retroversion of the acetabular component ([@b26-etm-0-0-7733]). Acetabular component orientation is critical to avoid cup-femoral component impingment and dislocation; the 'safe position' for the cup is noted to be 15±10° anteversion, 40±10° abduction ([@b37-etm-0-0-7733]). Dislocation rates as high as 6% have been reported when the acetabular component was inserted outside the safe position as compared with 1.5% when the acetabular component was inserted within this range ([@b37-etm-0-0-7733]). Others have noted that the safest range of acetabular cup positioning was 30--50° of abduction and 20--40° of anteversion, which enabled a stable hip to remain and allowed for a physiological range of motion ([@b43-etm-0-0-7733]). Excessive abduction of the acetabular component has been reported to be associated with 90% of dislocations following primary THAs ([@b18-etm-0-0-7733]). Acetabular components placed in a more horizontal (i.e., in an abduction angle less than 45 degrees) position resulted in lower rates of dislocation ([@b46-etm-0-0-7733]). Implant impingement (i.e., the femoral neck on the acetabular component or adjacent osteophytes) is another cause for THA dislocation. A reduction in femoral offset (i.e., shortening the distance between the greater trochanter and prosthetic head) increases the probability of hip impingment (i.e., levering the femoral prosthesis out of the acetabulum) and dislocation ([@b47-etm-0-0-7733]). Femoral offset also affects the efficiency of the abductors and the amount of force that can be generated across the hip joint and the soft tissue tension and the limb length ([@b48-etm-0-0-7733]). It has been reported that the greater trochanter was closer to the prosthetic head in patients who have had a dislocation ([@b24-etm-0-0-7733]). However, in some series, it was noted that the unstable hip was longer than the non-operated hip and this may be due issues of abductor laxity at surgery that were attempted to be rectified by making the limb longer ([@b21-etm-0-0-7733]).

A larger cross-sectional diameter of the femoral neck can lead to impingement of the neck onto the acetabular component ([@b49-etm-0-0-7733]). The design and diameter of the implant femoral neck influences the hip range of motion and implant femoral necks with a smaller anteroposterior diameter having a greater range of motion before impingement occurs as compared to larger cross-sectional diameter femoral necks ([@b50-etm-0-0-7733]).

Femoral head size is a factor in determining stability of the hip; 32-mm femoral heads instead of the 22-mm head size in the original Charnley total hip design was based on the theory that larger heads would reduce the rate of dislocation. However, a number of studies have reported no significant differences in dislocation rates among these 2 femoral head sizes ([@b21-etm-0-0-7733],[@b24-etm-0-0-7733],[@b45-etm-0-0-7733]). Kelley *et al*, in a prospective randomized study, reported a higher rate of dislocation in patients with 22-mm heads compared to those patients with a 28-mm head, and the dislocation risk was further increased with larger-diameter acetabular components ([@b51-etm-0-0-7733]).

### Evaluation of the unstable THA

There appears to be different causes for dislocations if they occur with 0--3 months from surgery, 4 months to 5 years post-operatively, and 5 or more years post-operatively ([@b23-etm-0-0-7733]). Early dislocations (within 0--3 months from surgery) typically occur due to a lack of mature scar tissue, a lack of soft tissue tension or patient factors and dislocations that occur later in the post-operative period (after 5 years post-operatively) are primarily due to component malposition and polyethylene wear ([@b23-etm-0-0-7733]).

A thorough physical examination and radiographic evaluation is essential in determining the direction and cause of the dislocation. An anterior dislocation is usually caused by extension and external rotation and a posterior dislocation is usually caused by flexion and internal rotation ([@b26-etm-0-0-7733]). In cases of late dislocation (\>3 months following surgery) a greater-than-expected range of internal and external rotation could be indicative of laxity of the pseudocapsule and a loss of soft tissue tension ([@b26-etm-0-0-7733]).

A radiographic evaluation of the femoral component should include the assessment of misalignments (i.e., excessive varus/valgus angulation), determination of the presence of osteolysis or loosening and the assessment of cortical integrity. It is important to assess the association of the greater trochanter with the femoral head in order to determine possible impingement and soft tissue tension. The version of the femoral component can be assessed using fluoroscopy or a CT scan ([@b9-etm-0-0-7733],[@b24-etm-0-0-7733]).

Radiographic assessment of the acetabular component should assess component position, the presence of osteolysis and/or component loosening. To calculate the acetabular cup abduction, an anteroposterior radiographic can be used and the abduction angle determined from the line drawn through both acetabular teardrops and a line drawn tangent to the face of the acetabulum; a cross-table lateral radiograph for the determination of flexion of the acetabular component is not accurate as the position of the cup in a cross-table lateral x-ray varies with the degree of flexion of the uninvolved hip ([@b21-etm-0-0-7733],[@b43-etm-0-0-7733],[@b52-etm-0-0-7733]). 'Safe' ranges for acetabular component positioning ([@b37-etm-0-0-7733]) are 15±10° anteversion and 40±10° abduction. The version of the acetabulum can be most accurately evaluated by computerized axial tomography (CAT) ([@b53-etm-0-0-7733]). More recently, emerging research has questioned the previous characterization of an acetabular 'safe zone' and further identified lumbar spine disease and surgical fusion as significant risk factors for recurrent instability ([@b54-etm-0-0-7733]--[@b59-etm-0-0-7733]). From a systematic review with a meta-analysis ([@b60-etm-0-0-7733]), patients with a prior history of lumbar spinal fusion were shown to be at a significantly increased risk of having dislocations following THA (relative risk, 2.03) and revision (relative risk, 3.36). Patients with sagittal spinal deformity appear to be at a particularly high risk of THA instability due to postural compensation for abnormal spinal alignment ([@b61-etm-0-0-7733]); in a study of 139 THAs in 107 patients with sagittal spinal deformity, there was a THA dislocation rate of 8.0%, with a revision rate of 5.8% for instability due to apparently a significantly higher spinopelvic tilt, T1-pelvic angle, and mismatch of lumbar lordosis and pelvic incidence ([@b61-etm-0-0-7733]). Salib *et al* noted that lumbar fusion involving the sacrum increased the risk of dislocation in primary THA, and using a case-control study design found that dislocation in the fusion group was 5.2% at 1 year versus 1.7% in the controls ([@b62-etm-0-0-7733]). King *et al*, using a Medicare database reported on the dislocation-free survival experience of patients with THA undergoing lumbar spine fusion (LSF) and compared this to similar patients not undergoing LSF. Of the 17,223 patients without a history of hip instability following THA, no increase in their instability rate was observed following lumbar fusion; however, their rate was statistically higher at 0.7% as compared to those who never had lumbar fusion at 0.4% (the total data pool included 863,182 patients who had not had a dislocation) ([@b63-etm-0-0-7733]). A Nationwide Readmissions Database was used to identify cases of elective primary THA over a 2-year period and all readmissions associated with dislocations were identified; this study consisted of 207,285 THA cases that were identified; of these 2,842 had dislocation-associated readmissions (1.4%); it was noted that a history of spinal fusion was the most significant independent risk factor for dislocation within the first 6 months following THA ([@b64-etm-0-0-7733]). Esposito *et al* reported that from a consecutive series of 1,000 patients that underwent post-operative low-dose biplanar spine-to-ankle lateral radiographs in standing and sitting positions at 1 year following THA, 12 patients (1% of all patients) experienced a hip dislocation and that these patients with fixed spinopelvic alignment from standing to sitting position were at a higher risk of suffering from hip dislocation ([@b65-etm-0-0-7733]). Malkani *et al* ([@b66-etm-0-0-7733]) published a study to determine whether the risk of dislocation and/or revision following THA is increased in patients with a history of prior lumbar fusion given the alterations in dynamic pelvic motion; they reviewed 62,387 patients from a Medicare data base and found that the prevalence of hip dislocation in patients with lumbar fusion prior to THA was 7.4% compared to 4.8% without fusion that was statistically significant (P\<0.001).

### Classification

There has been a proposed classification system for THA dislocation in order to direct treatment; however, this has not found widespread use ([@b52-etm-0-0-7733]). The classification is based on component position and soft tissue balance; however, when considering both patient and surgical factors for instability, this have not been useful. Commonly performed trochanteric osteotomy in the past with non-union and trochanteric escape are an infrequent problem and with modular implants more hips more frequently made longer than the native hip, this has made soft tissue balance less of a cause for instability. Patients that have multiple dislocations as compared to those who experienced only or two episodes of dislocation, naturally have a worse outcome; thus, it is important to identify the cause of the instability and intervene at an early stage ([@b20-etm-0-0-7733]).

2.. Treatment options for dislocation following THA
===================================================

### Non-operative treatment

Dislocations that occur within the first 3 months post-operatively are managed by closed reduction; these are typically due to relaxed soft tissues and immature scar tissue, assuming there implants are properly positioned ([@b23-etm-0-0-7733]). The risk of redislocation can be as high as 33% due to the disruption of the forming soft tissue envelope; if the dislocation occurs after 5 weeks post-operatively, the redislocation can be as high as 60% ([@b19-etm-0-0-7733]).

Closed treatment for a first-time dislocation is usually successful in two-thirds of cases ([@b21-etm-0-0-7733]). Bracing or hip spica immobilization continued for 3--4 months following closed reduction for recurrent dislocation has been suggested; however, studies have noted that this is not effective ([@b18-etm-0-0-7733],[@b52-etm-0-0-7733],[@b67-etm-0-0-7733]).

### Surgical management

Revision surgery is necessary for those patients with persistent instability following non-operative management and for those who have component malposition; reoperation rates of 31--44% have been reported ([@b19-etm-0-0-7733],[@b21-etm-0-0-7733],[@b52-etm-0-0-7733],[@b68-etm-0-0-7733]). Capsular repair during revision can be effective ([@b69-etm-0-0-7733]).

Dislocations between 4 months and 5 years are usually due to component malposition, impingment or abductor mechanism dysfunction (uncommon due to the lack of trochanteric osteotomy today). In a prior series, component malposition (58%) and failure of the abductor mechanism (42%) were the most common causes of recurrent dislocation determined at the time of surgery ([@b10-etm-0-0-7733]).

Instability \>5 years post-operatively is usually due to acetabular wear and is best addressed with acetabular revision. It is important to consider that there may be a lack of soft tissue tension due to inflammation from polyethylene debris or capsular stretching ([@b23-etm-0-0-7733]) and that stretching of the pseudocapsule over time due to extremes in motion lessens soft-tissue constraints and allows for dislocation ([@b68-etm-0-0-7733]). With the newer bearing material it has been reported that there is no difference in the revision rate amongst the 192,275 THAs included in the study from the Australian Orthopaedic Association National Joint Replacement Registry with 101,915 metal-on-cross-linked polyethylene or 30,256 ceramic-on-cross-linked polyethylene (CoXLPE), and 60,104 ceramic-on-ceramic bearing, as it appears that wear rate with these modern bearings is so similar, they are not a cause of late dislocation up to 13 years since surgery ([@b70-etm-0-0-7733]).

It is critical to identify the cause of the instability; few researchers have reported outcomes of reoperation for recurrent instability with long-term follow-up with some results noting a success rates of only 61% ([@b23-etm-0-0-7733]).

### Surgical approach and method of closure for the prevention of dislocations

There has been much debate regarding the surgical approach and dislocation risk. Pellicci *et al* and others have purported that an enhanced posterior soft tissue repair performed through a posterior approach to the hip results in a reduced dislocation rate ([@b71-etm-0-0-7733]--[@b73-etm-0-0-7733]). This method of closure involves reconstructing the posterior soft tissue sleeve including the short tendinous external rotators, the posterior capsule, the quadratus femoris and tendinous insertion of the gluteus maximus. In a large series (1,518) of THAs in which the anterolateral abductor split approach was used, a low (1%) dislocation rate was reported ([@b74-etm-0-0-7733]). Traditionally, it had been recommended to have restricted mobilization following THAs to reduce the risk of dislocation and muscle detachment, including the use of an abduction pillow, particularly for patients that had a posterior approach. It has become clear that these post-operative restrictions are unnecessary and not supported by peer-reviewed publications; as the hospital stay has shortened, these restrictions have been reduced and there has been no increase in cases of early THA instability ([@b35-etm-0-0-7733],[@b75-etm-0-0-7733]). In addition, van der Weegen *et al* performed a prospective consecutive series of 1,049 primary THAs managed with minimal post-operative restrictions and compared the rate of instability to a prior consecutive series of cases from the same institution using a posterior approach and a traditional restrictive protocol; they found an instability rate of 1.6% in the minimal restrictive groups as compared to 2.5% in the traditional restrictive group, and they concluded that patients can be managed safely with minimal restrictions following posterior approach THA ([@b75-etm-0-0-7733]).

### Trochanteric advancement

With modular implants, trochanteric osteotomy is not commonly performed, since if the hip needs be re-operated on and there is no impingement, the hip can be 'lengthened' and the offset increased by just using a longer modular head. If there is a monobloc femoral component and the implants are well aligned, a trochanteric advancement for the treatment of recurrent dislocation can be performed; it has been reported that a 76% success rate has been achieved using this strategy ([@b76-etm-0-0-7733]).

### Elevated rim liners

There continues to be controversy as regards the use of elevated rim liners. In theory, elevated rim liners are used as their asymmetrical configuration provides added support in regions of greater instability if placed in the posterior-superior position when performing a posterior approach to the hip ([@b77-etm-0-0-7733],[@b78-etm-0-0-7733]) and low dislocation rates have been reported in both primary and revision cases. In a retrospective study of post-operative hip stability, Cobb *et al* reviewed 2,469 acetabular components with an elevated-rim liner (10 degrees of elevation) and 2,698 with a standard liner and found a significantly lower rate of dislocation among the elevated rim liner group at 2 years; a similar, non-significant trend was observed at 5 years ([@b79-etm-0-0-7733]). An updated review and meta-analysis of 8 studies that included 4,656 revision THAs noted that acetabular components with elevated rim liners were less likely to develop dislocation following revision THA ([@b80-etm-0-0-7733]). Others have argued that elevated liners create impingment, increased polyethylene wear debris and an increased rate of loosening due to the high torsional forces at the implant-bone interface imposed by the higher rotatory moment arm ([@b43-etm-0-0-7733],[@b53-etm-0-0-7733],[@b81-etm-0-0-7733]).

### Jumbo femoral heads

Due to improvements in polyethylene and femoral head materials, there has been a trend for the use of lager femoral heads to reduce the risk of instability ([@b82-etm-0-0-7733]--[@b86-etm-0-0-7733]). It has been reported that patients with large acetabular cups (\>56 mm) have an increased dislocation rate as compared to patients with smaller cups when using a 28 mm head ([@b87-etm-0-0-7733]). Larger femoral heads, as they must travel a greater excursion distance prior to dislocation, may reduce THA instability ([@b88-etm-0-0-7733],[@b89-etm-0-0-7733]). Larger heads (head diameter, 44--50 mm) have been used for the treatment of patients with recurrent instability; in one study, at an average follow-up of 6.5 years, only 1 of the 12 patients treated had recurrent instability ([@b90-etm-0-0-7733]). It has been suggested that a multimodal protocol including patient education, the use of large femoral heads, posterior soft-tissue repair, and intraoperative adjustment of limb length and hip offset can reduce the dislocation rate ([@b91-etm-0-0-7733],[@b92-etm-0-0-7733]). The results from the study by Amado *et al* on 331 patients (mean age, 66 years; 68.8% females) revealed that the dislocation rate at 3 months was 0.60% and 0.90% at 12 months, and the authors recommended this type of protocol ([@b91-etm-0-0-7733]). Sikes *et al* reported on the results of a series of 41 patients at a high-risk for dislocation (52 hips) that were treated with large-diameter metal-on-metal bearings compared with a matched group treated with standard-size metal-on-polyethylene bearings, and found that the large-diameter femoral head group had no dislocations at a minimum follow-up of 24 months, whereas the standard-size group had 2 dislocations ([@b93-etm-0-0-7733]).

### Constrained liners

Constrained liners are for patients with well-positioned implants and patient-related factor for instability or in cases with an incompetent abduction mechanism; these implants should only be used in salvage procedures in elderly and/or low-demand patients with hip instability ([@b94-etm-0-0-7733]--[@b96-etm-0-0-7733]). There have also been case reports of the mechanical failure of these devises ([@b97-etm-0-0-7733]).

In a study of 56 patients treated surgically for recurrent dislocations (mean dislocations, 6; mean previous procedures, 3), Goetz *et al* reported only 2 subsequent dislocations (4%) ([@b98-etm-0-0-7733]). In another series, 101 constrained acetabular components were implanted for recurrent dislocation, intraoperative instability, or neurological impairment and there were only 4 cases (4%) of recurrent dislocation in the group at an average follow-up or approximately 5 years ([@b98-etm-0-0-7733]). Jones published a systematic review of the literature of published evidence on the results of constrained liners; of the 38 studies included is his study, of a total of 2,852 constrained liners with a mean follow-up 4.3 years (range, 0.8--20 years), the results noted a mean dislocation and/or constrained failure rate of 11.4% ([@b95-etm-0-0-7733]). Without longer-term follow-up studies on these implants, it is probable that the increased loosening ensues due to the constraint of the liner, which limits the longevity of the implants; thus, these implants should only be used for patients with limited life expectancy, low functional demands, and for whom all other possible treatments have failed or been deemed inappropriate. From the Australian Orthopaedic Association National Joint Replacement Registry, data from 9,509 THA first-revision procedures and 700 constrained components were reported; constrained components had a significantly higher revision rate after 3 months when large-head metal-on-metal components were used and constrained components had a higher second revision rate for further dislocation after 9 months. These authors supported the theory of reduced implant longevity with these devices; however, they noted that these devices may be used in more difficult situations with unstable hips ([@b99-etm-0-0-7733]).

### Bipolar and tripolar prostheses; resection athroplasty and dual-mobility bearings

Bipolar hip arthroplasty has been proposed as a method of treatment for recurrent dislocations; however, this method is no longer preferred. Currently, although this method has been reported to prevent redislocations in 81% of hips treated in this manner for recurrent dislocation, a significant number of patients require further surgeries and it should be reserved for a small number of patients who have recurrent instability, when all other operative options are no longer plausible ([@b100-etm-0-0-7733]).

A tripolar hip replacement for recurrent prosthetic dislocation has been advocated by Grigoris *et al*; in their small series of only 8 patients with recurrent instability, the authors inserted a large-diameter acetabular cup and a bipolar femoral head sized to the approximate diameter of the normal hip with all of the patients in this series achieved stability at an average follow up of 4.2 years ([@b8-etm-0-0-7733]). In a small percentage of patients in which stability cannot be achieved despite multiple surgical procedures, a resection arthroplasty may be a last resort option.

Dual mobility (DM) bearings have been more recently introduced in patients at a high risk of suffering from dislocations ([@b101-etm-0-0-7733],[@b102-etm-0-0-7733]). A retrospective review of a consecutive series of DM THAs performed between 2010 and 2014 on 151 patients deemed to be at a high risk of suffering from dislocations reported a dislocation in only a single patient ([@b103-etm-0-0-7733]). The authors did express concern that longer follow-up is needed to confirm the durability of these reconstructions. In a previous systematic review and meta-analyses ([@b104-etm-0-0-7733]), which included 11 of 677 studies (9 comparative studies and 2 randomized controlled trials) (n=4,084 patients) that met the inclusion criteria, dual mobility THA (n=1,068 patients), standard THA (n=2,568 patients), big head THA (n=378 patients) and constrained THA (n=70 patients), it was noted that the risk of revision and dislocation of dual mobility hips was significantly lower compared to standard THA bearing and there was no statistically significant risk of having revision or dislocations when compared to large femoral head or conventional THA, albeit the follow-up was only 5 years or less. Another study on patients with recurrent dislocations ([@b105-etm-0-0-7733]) reported on the short-term results of 40 patients with an average 3-year follow-up who had undergone first-time revision for instability; recurrent dislocation was observed in only 2 patients (5%). In another systematic review on the rate of dislocation following the use of dual mobility ([@b106-etm-0-0-7733]), in a total of 17,908 primary and revision THAs from 59 studies, a mean rate of dislocation of 0.9% was reported in the primary THA group, and 3.0% in the revision THA group; again these authors noted concerns regarding the long-term results and possible implant failures of these implants. Brüggemann *et al* reported on their results of cementing a dual mobility cup into a porous titanium shell in 184 hips (184 patients) following acetabular revision surgery and reported a reduced risk of dislocation following acetabular revision surgery without jeopardizing overall cup survival, and without enhancing tantalum release at a mean of an approximately 5-year follow-up ([@b107-etm-0-0-7733]). Chalmers *et al* also reported similarly good results in a small series of 18 cases using a similar technique ([@b108-etm-0-0-7733]). Hwang *et al* in their series of 167 hips in 165 patients with femoral neck fractures and using a posterolateral approach, reported only 4 (2.3%) dislocations at a mean time of dislocation of 30.5 days post-operatively ([@b109-etm-0-0-7733]).

### Ischiofemoral hip ligament and Achilles tendon allograft reconstructions

If the implants are well aligned, it has been reported that the reconstruction of the ischiofemoral ligament of the hip may prevent recurrent posterior dislocations. Only small-case series have been published using this technique in only 5 patients; however, no recurrent dislocations were reported at a mean follow-up of 47 months ([@b110-etm-0-0-7733]). A similar case report ([@b111-etm-0-0-7733]) using an Achilles allograft sling to improve hip stability in 8 patients has also been reported.

3.. Conclusions and future perspectives
=======================================

Dislocation is a major complication of THAs, and the causes include patient-derived factors, surgical factors, or both. It is imperative to determine the cause of the instability through a complete patient and radiographic evaluation (e.g., component malposition, insufficient soft tissue tension and impingement). The majority of dislocations can be treated successfully in a closed manner as they occur early after surgery. For patients who suffer from recurrent dislocations, reoperation will normally be required, with optimal results being obtained if the cause is clearly identified. Surgical treatment for recurrent dislocations includes trochanteric advancement, revision arthroplasty, or the use of constrained components.
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